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Abstract 
The impact of urbanization on the hydrology and sediment supply of streams is a major problem causing the 
flooding of flood plains and its inhabitants. This study examines the impact of urbanization on the channel 
adjustment of the woji creek and flood vulnerability of the catchment area. The study used both primary and 
secondary data in its investigation. The primary data were obtained through direct field measurement of the 
hydro-geomorphic parameters of channel depth, width, discharge, velocity and channel morphology while data 
for sediment yield and infiltration capacity were obtain through laboratory analysis of samples collected from the 
stream channel. In the same vein, data for urbanization index was obtained by measuring the distance of urban 
infrastructure close to the channel. Findings showed that a unit decrease in distance to the channel resulting from 
an urban infrastructure will consequently lead to a increase of 0.555m/s in the velocity of flow;  0.458cumecs in 
discharge; 0.520m in width of the channel; 0.489m in depth of the channel;  0.466m in channel morphology and 
0.504m/s in infiltration capacity of the Woji River. However, it was only sediment yield that increases at a unit 
of 0.372ppm for every unit increase in distance of any urban infrastructure which is a function of flood 
vulnerability. This shows that urbanization influence channel adjustment and exposes the catchment area to flood 
risk. Policies aimed at integrating flood management, preservation of the stream channel in addition to urban 
growth control along the Woji creek in Port Harcourt is advocated.  
Keyword; sediment load, runoff, urbanization, flood vulnerability, channel adjustment. 
 
1. Introduction 
There is a growing interest in the effects of urbanization on hydrological cycles as well as on stream morphology 
and dynamics (Anderson, 1970). In other words, progressive change in land use and vegetation accompanied by 
increase in impervious surfaces will result in such phenomena as increase in runoff ratio, the amount of peak 
discharge and the rate of stream flow. Closely linked with this is the draw down effect of the ground water level. 
The focus of this paper is the examination of the response of channels to increase in peak flow brought about by 
urbanization. Previous studies have shown that progressive urbanization of a drainage basin can result in 
changing channel morphology and hydraulic geometry of stream channels (Knox, 1977; Knight, 1979; Morisawa 
and Vemure, 1976; Morisawa and Laflure 1979; Ogunkule, et al, 1980;  Ebisemiju, 1989). Disturbed watershed 
will respond by both morphologic and hydraulic variables alterations (Simon, 1992; Church 1992; Pizzuto, 1994; 
Elliot and Gyetvai, 1999). Notwithstanding the growing literature on the effect of urbanization on stream channel 
morphology, none of these investigations have examined the implications of these increased flows on channel 
size and hydraulic geometry response in detail, particularly as it affects flood vulnerability in Nigeria 
(Odemerho, 1980). Again, despite the importance of these results, there still remains a great shortage in 
quantitative data on the effects of urbanization on stream system especially within the Niger Delta. The present 
study is aimed at analyzing the impact of urban development on the woji watersheds and to use the results 
thereof as guiding principles for watershed management. 
 
2. The problem 
The global trends from pure subsistence to industrial and from rural to urban have their attendant environmental 
problems including urban flood hazards. More important is the fact that every niche of the urban landscape 
belong to one drainage basin or the other (Teme and Gobo, 2005). Thus, in a bid to meet growing demand for 
housing and other infrastructural development including industrial and commercial activities, the natural 
drainage configurations have not been properly analyzed and utilized in the entire layout. These have created 
severe cases of urban flood hazard of alarming rate within the study area than ever. It has been firmly established 
by Ologunorisa (2001); Weli (2005); Teme and Gobo (2005) that flooding within the lower Oginigba basin is 
caused by channel adjustment to processes of urbanization and indiscriminate dumping of refuse on the drainage 
channel. This observation has also been noted by Umeuduji (2000) that human activities within a drainage basin 
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can trigger off changes in processes that occur in stream channels such as flooding. Development in the drainage 
basin can take different forms and can be located on different parts of the basin. It can be land phase 
development (Simon, 1992), e.g. removal of vegetation by logging, deforestation, changes in landuse etc while 
on the other hand, it can be through channel phase development which takes place for a considerable distance 
along the river channel e.g. river regulation and channel changes (Pizzuto, 1994). Due to addition to the volume 
of water in the stream channel, there is the possibility of increased sediment yield. Normally, such may lead to 
areas down valley being covered with sand. This in turn leads to ditches and canals being clogged with 
sediments, reservoirs and channels considerably reduced their capacity as a result of siltation thereby resulting 
into flood hazards. 
Flooding has been recognized as a serious environmental challenge in Port Harcourt. The magnitude of urban 
floods being experienced in the last few years has resulted into several losses of human lives and properties 
worth over N8 Billion (Arokoyu and Weli, 2008). The immediate causes have been attributed to climate change 
induced rainfall, uncontrolled urbanization, and floodplain habitation (see Weli and Worlu, 2011). This has 
forced the Rivers State government to set up inter ministerial committee on flooding and flood management for 
regular clearing of the drains and urban control. 
 
3. Study area and Methodology 
The study was conducted in Woji River basins, Port Harcourt City, Rivers State, Nigeria. The Woji basin drains 
approximately 520.3km2. The catchment areas are underlain by oil and gas deeply weathered sedimentary rock 
that is often referred to as the Agbada formation on top of which is the Benin formation (Okonny, 2010). The 
topography is undulating with a relative relief of 15 meters (Umeuduji and Aisuebeogun, 1999; Bell-Gam, 
2010). Rainfall distribution is fairly uniform and the climate is tropical moist. Tropical rainforest, which has now 
been removed by industrialization and urbanization, is the natural vegetation of the watersheds. Today the 
rainforest is nothing more than a gallery of riparian forest bordering stream channels and wet land. The rest of 
the catchment’s areas remain a mosaic of farmlands, fallow bushes at various stages of maturity, and urban uses. 
Port Harcourt City is an ancient city dating back to the 1913, although modernization and rapid urbanization 
began in the late 60s. Ever since, the built up area of the city has increased some 15 folds. However, rapid 
urbanization has been going on without commensurate basic runoff disposal facilities (Arokoyu and Weli, 2008). 
During storms, large quantities of runoffs flow freely into these rivers. These large inputs of sediments and 
runoffs are responsible for channel enlargement experienced within the urban reaches of these rivers. Stream 
response to urbanization was studied adopting the inferred method, which involved the comparison of stream 
section in basins under different land use stages. The studied channels are headwater tributaries of these major 
rivers. Channel morphology was measured using tape, level rod and hand leveler to acquire detailed bankful 
cross-sectional data. Velocity measurements were made using a horizontal axis-ott type current meter mounted 
on a wading rod. At times, velocity was estimated using float method especially when the water becomes too 
shallow and velocity too low to adopt the conventional discharge measurements.  
 
The sample size for this study consists of thirty (30) and is based on the assumption/premise that it gives a total 
representation of the sample population within the study area. Choice of sampling points was based on careful 
site and point selection that falls along the main channel from Eliozu with distance of 420 metres in length. The 
sampling point was determined by dividing the channel length by thirty Sampling points. This resulted in a 14 
meter interval for each sampling point. Parameters measured include: Discharge, stream velocity, infiltration 
capacity channel morphology, channel width and channel depth. The following equipments were used for the 
collection of the necessary data. They include; Stop watch, Ranging pole, Matchet, Field notebook, A 30 meter 
tape, Meter stick, Hammer and pegs, Sample pegs, Sediment trap, wooden Canoe. 
 
Different relatively straight with fairly uniform channel banks was chosen at each station where all the 
instruments listed above was used in the manner specified by Dunne and Leopold (1978). In order to obtain data 
on bankful discharge, the width and average depth of the sampled sites across the river channel were obtained as 
well as channel velocity. Caution was however taken in delimiting its exact bank-full width to avoid unnecessary 
introduction of errors into data. The cross-sectional shape was plotted and bank-full defined by reference to 
floodplain at each sample points. This was achieved by noting the depth at which width-depth ratio increases 
reflecting over bank flow. Continuity equations show that with increasing discharge, width, depth and mean 
velocity increased according to simple power functions (Aziegbe, 2006). 
W = aQb, D = cQf, V = kQm          ( 1) 
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Where: Q is discharge; W, D and V are width, depths and velocity respectively. The values a, c, and k are 
intercepts of the regression lines and the exponents b, f, and m, are the slopes of the regression lines when the 
hydraulic parameters are plotted logarithmically. 
In order that too much discrepancy did not set in to alter the result of this study, sample point similarity in terms 
of relief, gradient and other physical characteristics were selected for use in the analysis. This decision helps to 
ensure that the hydraulic exponential values reflect the dominant landuse in the woji basin, which make stream 
channel changes comparable. 
A unit regression analysis was performed to determine the at-a-station relation of stream width, depth and 
velocity to changes in stream discharges associated with dominant land uses in the woji basin. The variables 
were first transformed to logrimathic units in order to yield linear relationships and increase the precision of 
correlation and regression analysis. This is in conformity with studies done elsewhere (see Pickup 1975; 
Aziegbe, 2006) in which it was shown that many geomorphic and hydrologic variables show logarithmic 
relationships. 
 
The determination of the suspended sediment concentration per unit volume of the urbanizing Woji creek was 
done in the laboratory. The filtration method was adopted for this study. In the analysis performed, 250ml 
beaker, funnel, 25ml pipette, filter papers and a stirrer will be used. An oven and desiccators was used in the 
drying of the resulting filtrate and weighing balance at the physical laboratory of the Department of Geography 
and Environmental management, university of Port Harcourt. The sample in the sediment trapper was measured 
and l00ml of samples of Woji river water for the 30 sampled points were thoroughly stirred and filtered with the 
filter paper which previously its dry weight has been determined. The resulting filtrate was oven dried at a 
temperature of 1000C for three hours and then cooled in a desiccator and re-weighted. The resulting weight 
difference between the initial weight of the filter paper and the filtrate gave the sediment concentration per l00ml 
of the Woji creek. It was later converted to sediment concentration per unit liter in parts per million (ppm). The 
infiltration capacity was determined using soil capillary nature which gives an idea of the soil water retention 
and infiltration capacity.  
Urbanization index is another important parameter that was measured in this study to establish the degree of 
relationship between urbanization and the adjustment processes of the Woji creek. Urbanization index in this 
study refers to the extent of urban infrastructures close to the channel. It includes houses, commercial buildings, 
services, bridges and other impervious land surfaces. This was determined from a landuse map of 2005 with a 
scale of 1:4800 and aerial photograph of 1:25000 of Port Harcourt flown in 2010. The urbanization index was 
computed by measuring the distance of an urban infrastructure at different sampling points along the Woji creek 
with the aid of measuring tape and pegs (see, Aziebe, 2006). Other statistical techniques used in this research 
were; the student “t” test, and the Pearson’s product moment correlation coefficient.  
4. Results and Discussion of Findings 
From the table 1 below, the variations in depth, width, degree of urbanization (measured in distance of urban 
infrastructures) and discharge along the creek at different sampling points. The factors responsible for the 
observed differences are as a result of the fact that some sections of the creek downstream have taken over by 
dredging and other human activities. Moreso, the increase in depth, width and discharge recorded downstream 
are caused by high run-off of overland flow from the urbanized impervious surfaces and sewers of the basin. 
Also, between air force base through 2nd artillery to  Mini-Okoro ( station 15 and 20), the width became reduced 
from 9.6m to 9.0m as a result of dual carriage bridge that cut across the channel. These stations are located at the 
foot of Mini Okoro and Air force Bridge. Also the increased urban growth over the years along the channel 
downstream has resulted into storm run-off into the channel with corresponding increased discharge, reduced 
infiltration capacity, greater sediment yield and velocity of flow thereby increasing the vulnerability of the 
catchment to flooding. This revealed that there is a significant adjustment of the Woji creek hydraulic parameters 
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Table 1:   Summary Statistics of depth, width, urbanization index and peak discharge of Woji basin. 
S/NO Sampling points Depth 
(m) 
Width(m) Distance of urban infrastructures to 
the channel ( meters m2 ) 
Discharge (in 
cumecs) 
1 Eliogu junction 2 6.1 10 2.44 
2 ABC transport 3 6.5 15 2.25 
3 East-West road 3.2 6.9 25 3.15 
4 Depper life 3.4 7.1 100 4.82 
5 Adamac 3.5 8.1 120 2.83 
6 Eliohani 1 3.7 9.3 90 3.12 
7 Eliohani 2 3.8 8.5 85 2.69 
8 Elimgbu 1 3.9 8.7 80 2.61 
9 Elimgbu 2 4 9.5 70 2.53 
10 Rumuodara 1 4.1 10 75 3.42 
11 Rumuodara 2 4.3 10.1 71 3.34 
12 Cocaine village 1 4.5 10.6 30 3.18 
13 Cocaine village 2 4.0 10.8 25 2.7 
14 Cocaine village 3 4.3 9.0 20 2.35 
15  Air force base 4.6 9.0 10 3.01 
16 2nd Artillery junction 5 11.5 60 3.38 
17 Rumuogba layout 5.5 11.7 10 3,72 
18 Mini okoro 1 5.7 9.6 7 3.92 
19 Mini okoro 2 6 12.1 5 4.08 
20 Mobil filling st 6.5 15 5 5.42 
21 Mini okoro  banacks 6.8 20 3 7.22 
22 Rumuobiakani 1 6.9 22 5 8.03 
23 Rumuobiakani 2 7.1 25.1 30 9.28 
24 Ogingba 1 8 25.5 15 10.2 
25 Oginba 2 10 26 10 12.86 
26 Glass factory 12 27 8 15.91 
27 Post 111 13 28.5 10 17.13 
28 Slumberger 15 29 10 15.2 
29 Slaughter market 16 29.5 5 7.3 
30 Zoo 18 30.5 5 7.4 
Source: Authors field work, 2013. 
Findings showed that the largest depth and width was recorded around Oginigba axis (station 24 to 30) where a 
lot of dredging and multinational companies operations are carried out. This has resulted in width enlargement of 
the channel from 26m to 30.5m. Discharge was particularly observed to be swelling the velocity of flow of the 
channel. This trend has serious implications to flooding in view of the global climate change and rainfall 
patterns. The study revealed that velocity and sediment yield of the channel was also adjusted due to 
urbanization effect. Field investigation reveals a reduction in infiltration capacity of the basin due to increase in 
impervious surfaces as a result of urbanization. The result of the infiltration capacity analyzed from different 
sampled points along the Woji basin is a pointer that increased urban growth within a drainage basin will 
increase overland flow and in turn render the surrounding landscape vulnerable to flooding.  
 
Similarly, adjustment processes as a direct response to urbanization shows that the increment in discharge and 
sediment yield of the woji creek emanates mainly from storm sewers and run-off. The above findings 
corroborates with the works of Miller (1971); Odemerho, (1984) and Aziebe (2006)  that stream channel will 
naturally adjust in response to urbanization. In addition, effluents and other domestic waste discharge into the 
stream from urban activities have the potential to pollute the water and reduce its value for the urban dwellers 
that depend on it.   
The correlation coefficient of distance of urban infrastructure to the river channel which is a function of flood 
vulnerability varies inversely to velocity of flow, discharge, depth of channel, channel morphology, infiltration 
capacity and sediment yield which represent adjustment processes of the Woji basin. Specifically, the zero-order 
correlation matrix of the hydraulic parameters and vulnerability to flood shows that velocity (-0.555), discharge 
(-0.458) width (-0.520), depth (-0.489), channel morphology (-0.466), infiltration (-0.504) varies inversely to 
distance of an urban infrastructure which defines urbanization and by extension urban channel adjustment in this 
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study. This means that for a unit change in distance to the channel resulting from an urban infrastructure will 
consequently lead to a decrease of 0.555m/s in the velocity of flow of the Woji River, a decrease of 0.458cumecs 
in discharge of the River; a decrease in 0.520m in width of the channel; a decrease of 0.489m in depth of the 
channel; a decrease of 0.466m in channel morphology and a decrease of 0.504m/s in infiltration capacity. 
However it was only sediment yield that increases at a unit of 0.372ppm for every unit increase in distance of 
any urban infrastructure which is a function of flood vulnerability.  
The regression statistics shows that velocity of flow of channel resulting from the channel adjustment is the only 
hydraulic variable that determines the vulnerability of the channel to flooding. The hydraulic variables generally 
were significant at 95% confidence level with an F- calculated value of 12.447 which is greater than the F- 
critical value of 4.20. This result suggests that there is a significant relationship between urbanization and 
channel adjustment at Woji basin. 
In the case of urbanization and flood vulnerability, the data on distance of an urban infrastructure was used as an 
index of urbanization and data on velocity of flow of the river as a measure of flood vulnerability. Findings 
showed that the model summary of the regression statistics had R and R2 values of 0.555 and 0.308 respectively. 
The coefficient of determination shows that velocity accounted for 30.8% of the variation in the incidence of 
flood in the Woji river catchment area, at 95% confidence level. The relationship between urbanization and flood 
vulnerability is captured in a regression equation stated below; 
Y = 88.197 – 0.555X1 + 16.149            (2) 
With a T-calculated value of 3.528 which is greater than the critical T-values of 2.76, this shows that there is a 
significant relationship between urbanization and flood vulnerability at the Woji river catchment area at 95% 
confidence level. In terms of the relationship between channel depth and stream velocity, the Students’ T-test 
analysis showed that the t-calculated value of 8.50 was greater than the t-critical value of 2.76. This result means 
that there is a significant relationship between channel depth and velocity of flow in Woji basin. Figure 1 below, 
gives a graphic illustration of the impact of urbanization on velocity of flow plotted against discharge of the 
urbanize Woji creek. The channel velocity of flow is represented in the vertical section as against discharge on 
the horizontal axis. The graph shows progressive increase in velocity in the downstream section of the creek. The 
reasons been that the downstream sections of the creek are areas were rapid urbanization have taken place. The 
increase in velocity corresponds to run off intensities which represent a long term adjustment of the stream to 
changing hydrologic regimes. The increase velocity therefore impact on the channel morphological character. 
Findings showed that depth; width and discharge increases in direct response to the urbanization rate experience 
in the channel (see fig. 2 and 3). The size of the channel also results in increased peak discharges which 
promotes vulnerability to flooding. The increasing discharge into the channel causes an adjustment to the width 
of the channel to be enlarged particularly in the downstream. The first form of adjustment is associated with 
stream stations whose immediate upstream areas are under rapid urban development. A geomorphic threshold 
appears operational in the relationship of impervious areas versus channel adjustment ratio or ratio of mean 
flood, such that above a certain impervious cover or degree of development, a radical increase in the effects of 
flood magnitudes and channel enlargement results. This finding is in agreement with that of Kowal (1970), 
Laflure (1978), Simon (1992) and Aziegbe (2006), and noted in their studies that the effect of channel slope, 
nature of channel material, bed load, the local lithology, flow regime and amount of water flowing within the 
channel also contribute to the values of the exponents.  
 
 
Fig. 1: Velocity adjustment to discharge in Woji River. 
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Fig. 2: Depth adjustment to discharge in Woji River 
 
 
Fig. 3: Width adjustment to discharge in Woji River 
5. Conclusion 
Studies in channel response to urbanization have shown that changes in urbanization growth have cause 
corresponding changes in discharge regime of the channel. The foremost effect of urbanization is increased 
runoff. Changes in any of the individual parameters of the channel do not produce an immediate result, but it 
does initiate a change that may extend over a long period of time. However, velocity of flow was particularly 
noted to correlate positively with the other hydraulic parameters. To this end, velocity of flow in a measure 
factor that determines the environmental challenge posed by flooding due to storm surges exacerbated by urban 
development. The vulnerability of the urban landscape to flooding has not been fully taken into consideration in 
urban planning and development. There is therefore, need to integrate natural drainage channel dynamics, and 
vulnerability of urban dwellers to flooding in Rivers state urban development policies. Enforcement of building 
guidelines along the water ways is also particularly important. 
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